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(54) Battery pack with improved heat radiation and sealing 



(57) A battery pack 1 has a double casing structure, 
including an inner case 2 placed inside an outer case 3. 
The inner case 2 includes a radiator plate 9 which is in 
contact with the side walls of cells 4 contained in the 



battery pack 1 . A forked air passage 32 is defined be- 
tween the inner and outer cases 2 and 3 from an air inlet 
27 along the outer surface of the radiator plate 9 to a 
pair of air outlets 31 . 
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Descripti n 

[0001] This application claims priority on Japanese 
Patent Application No. 10-294071 filed on October 2 15, 
1998 and Japanese Patent Application No. 11-78343, 
the contents of which are incorporated herein by refer- 
ence. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention generally relates to bat- 
tery packs. More particularly, the present invention re- 
lates to battery packs having cells which are contained 
in a case and which are used as power sources for elec- 
tric tools. 

Description of the Related Art 

[0003] Generally, battery packs for electric tools in- 
clude exposed electric terminals for charging and dis- 
charging. When a battery pack is attached to an electric 
power tool, electric contact is established between the 
terminals of the pack and the terminals of the battery 
holder in the tool, thus supplying power to the tool. When 
the charge level of a battery pack becomes low, the pack 
is set in a battery charger to establish electric contact 
between the charging and discharging terminals of the 
pack and the charging terminals of the battery charger, 
thus allowing recharging of the cells in the pack. 
[0004] When charging the cells in a battery pack, the 
cells' temperature rises due to buildup of heat in the cells 
themselves and heat conduction from the transformer 
of the charger. In certain types of cells and batteries, 
such as nickel metal hydride cells, this phenomenon is 
so severe that the service life of the cells is shortened 
unless some measures are taken. One structure for pre- 
venting heat buildup in a battery pack is disclosed in Ja- 
pan Published Unexamined Utility Model Application 
No. 6-54209. This structure includes in a chargera fan 
for delivering air to the terminals and air passages run- 
ning through the ceils in the battery pack and connecting 
openings provided in the battery pack case; When the 
battery pack is set in the charger; the t fari sends air :;; 
through the cells along the passages in order to prevent 
heat buildup in the cells. "r£V--?<?>V; 
[0005] Although the foregoing ^ructure^ can 
cantly lessen the deterioration of the cells by preventing 
prevent heat buildup in the cells, it suffers from other 
drawbacks. For example, moisture and other foreign 
matter can easily enter the battery pack through the 
openings in the case and may rust the cells, ^ich rnay 
cause leakage of the electrolyte. Furtherrhprei conduc- 
tive foreign matter may cause a short-circuit. In order to 
solve problems caused by entry of foreign matter, Japan 
Published Examined Utility Model Application No. 
37634 discloses an improved combination of a battery 



pack and a charger. The battery pack is provided with 
interlocked doors which open when the pack is 6et on 
the charger and close when th pack is removed from 
th charg r so as to keep out foreign matter. On sig- 
s nrficant drawback of this structure is an increase in the 
manufacturing cost due to the sliding doors and guide 
bosses protruding from the charg r for opening and 
closing the doors. Moreover, the existence of the guide 
bosses limits the types of battery packs that can be r - 
10 charged on the charger, thus reducing its general ver- 
satility. The durability and reliability of the mechanism 
for operating the sliding doors is somewhat questiona- 
ble because the relatively fragile guide bosses may 
break when the battery pack is set on the charger. 
is [0006] The present invention as claimed in the claims. 
[0007] Embodiments of the present invention can pro- 
vide a battery pack having a simple structure for pre- 
venting both internal heat buildup and entry of foreign 
matter and a battery pack having a simple structure for 
20 improving the durability of the battery pack by lessening 

vibration and impact on the cells. 

[0008] The above objects and other related objects 
are realized by the invention, which provides a battery 
pack comprising: a first case containing a plurality of 
25 cells; radiator means which is disposed in contact with 
the cells within the first case and has at least one surface 
for radiating heat conducted from the cells; a first air pas- 
sage which is defined at least partially by said at least 
one surface of the radiator means and separated from 
30 the cells; and at least one air outlet formed in the first 
case and connected with the first air passage. This 
structure itself (i.e., not in cooperation with any other 
structure, such as a charger) easily achieves prevention 
of heat buildup in the cell in the battery pack and pr - 
35 vention of entry of foreign matter into the inner case, 
thus prolonging the service life of the cells and prevent- 
ing leakage of the electrolytic solution and short- 
circuiting due to rusting. . ; -v-^;;;--\. v-:v : ^-' . 
[0009] According to one aspect of the present inven- 
40 tion, the cells are divided into a plurality of blocks and 
further comprising at least one Second passage provid- 
."'•'•^ed between the blocks, the at least one second air pas- 
v :--'^ jsage being in communication the first air passag . 
; • :The j second air passage provided between th cell 
V: : -$s^\ blocks rnore evenly cools the cells and thus more effec- 
^ tiveiypreyerits deteri 
[001 0] ( According to another fcspectof the present ih- 
;%C%y^ 3 ^lurairty of ribs 
v s ' : -;;>. ; ;which-are oriented generally ^r^\te\x6\\\Q direction of 
airflow through at least in one of the first and second air 
passages Due to the ribs emending in; the directs of 
cooling airflow are provided 6ri certain surfaces of th 
first arid/or second air passages, heat is more effectively 
radiated from the cells. 
£5 [0011] According to yet another aspect of the present 
invention, the battery pack further comprises a second 
case which is smaller than the first case and contains 
the cells arid being placed within the first case. Further- 
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more, the first air passage may be formed between the 
first and second cases, whereas elastic material inter- 
posed may b between the first and second cases. The 
afor mentioned double casing structure effectively less- 
ens transmission of impact and vibration to the cells, 
thus enhancing the durability of the battery pack. 
[001 2] According to still another aspect of the present 
invention, the battery pack further comprises an air inlet 
provided in the first case and connected with the first air 
passage, whereas the first air passage is defined by in- 
ner surfaces of the first case and continuous recesses 
provided in outer surfaces of the second case, 
[0013] In accordance with another aspect of the 
present invention, each of the first and second cases 
has a generally box-like shape. Moreover, the first air 
passage starts at the inlet provided in an upper surface 
of the first case, proceeds along a first inner side surface 
of the first case, forks into two branches along two op- 

. posite second and third inner side surfaces of the first 
case connected to the first inner side surface, and ter- 
minates at first and second air outlets provided in a 
fourth inner side surface of the first case. 
[0014] In one practice, the second case includes first 
to fourth outer side surfaces corresponding to the first 
to fourth inner side surfaces of the first case, respective- 
ly, whereas the radiator means is a radiator plate having 
a generally U-shaped cross section which continuously 
surrounds the first, second, and third outer surfaces of 
the second case. Further, the ribs may be formed on 
outer surfaces of the radiator plate in the first air pas- 

■ sage.- 

[0015] In another practice, the elastic material is dis- 
posed along upper and io we r edges of the first case ; 
such that the first air passage is hermetically isolated 
from the cells, 

[0016] V in one aspect; the cells are divided into two 
blocks and the radiator means includes first and second ^ 
radiator piates mrarigecj in parallel; with Sach radiator ^ 
plate having a generally ? U-shaped: cross, section and ^ 

-surrounding one ^otthe i cell blocks:: Moreover; -.the' secf$ 
ond air passage is defined between the radiator plates. ^ 
[001 7] In another aspect, the ribs are provided on put- 1 : 
er surfaces of the first and second radiator piates ih -the : > 

f second air passage:-; ; . . ^'"Mp-- 

[0018] in one embckJirrient, the battery pack of Ihe in- ^ 
vention further comprises a third air outlet ■ prbvjded in 4 

< the fourth inner side i surface of the first' case: bet wen 

.pthe first and secdntfo 

: end of the second a ir passage may be: connected tb^the. 
first air passage and a second end thereof is connected 
to the third air outlet 

[0019] To carry out the invention in one preferred 
mode, the second air passage is hermetically isolated; 
from the eel! blocks.^ - : : i: v v 

[0020] Other general and more specific objects of the 
invention will in part be obvious and will in part be evi- 
dent from the drawings and descriptions which follow. 



BRIEF DESCRIPTION OF THE ATTACHED 
DRAWINGS 

[0021] For a fuller understanding of the nature and ob- 
& jects of the present invention, ref rence should be made 
to the following detailed description and the accompa- 
nying drawings, in which: 
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Figure 1 is a perspective view of a battery pack ac- 
cording to the present invention; 
Figure 2 is an exploded view of the battery pack 
shown in Figure 1 ; 

Figure 3 is a perspective view of the battery pack 
shown in Figure 1; 

Figure 4 is a perspective view of the battery pack 
shown in Figure 1 seen from a different angle from 
the perspective of Figure 3, showing a controller of 
the battery pack; 

Figure 5 is a vertical cross section of the battery 
pack shown in Figure 1 ; 
: ^Figure 6 is a^Rejrepj^lv^^ 
shown in Figure 1 with; an outer case shown in al- 
ternate one^iong-and-twp^shprt dashed lines and 
airflow indicated by arrows;; 
v\: . ; Figure 7 is a perspective view; of a battery pack of 
a second embodiment according to the present in- 
vention, and ' / : 'Vv v-.-- v "' "' 
Figure 8 is a vertical cross iv section of- the battery 
pack shown ih Figure 7: ^ 

DETAI LE D DESG Rj PTI dti^ , 
• EMB&di ME NTS p<\ ; v : V ; v 



[0022] 

35 ^present 
r Terence 



Preferred emb^imenfe^aOT^ 
itinventtonwillbej^ 
;to the attached-drawings^ 
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tool, thus preventing the connector 22 from being dis- 
engaged from the tool. Additionally, th connector 22 in- 
cludes a surface inclined along the upper dges of the 
partitions 17, thus covering the upper portion 16 from 
above, except where an air inlet 27 is provided. 
[0027] Referring to Figures 2 and 5, grooves 28 hav- 
ing an L-shaped cross section are formed along the 
comers and the upper side edges of the cover 7, where- 
as a similar groove 29 also having an L-shaped cross 
section is formed along the comers and three lower edg- 
es of the base plate 6. Elastic members 30 made of rub- 
ber, sponge, or other suitable material which have a 
square cross section are disposed between the grooves 
28 and 29 and the outer case 3. Referring to Figure 6, 
two air outlets 31 (only one shown) are provided in the 
portions of the main casing 20 that oppose the two ends 
of the radiator plate 9. When the inner case 2 is set in- 
side the outer case 3, a forked air passage 32 is formed 
: between the inner and outer cases 2 and 3, starting at 
the air inlet 27 of the outer case 3 and reaching the air 
joutlets 31 of the outer case 3 along^he gro^ya 
recess 19, and the radiator plate 9 of the inner case 2. 
: The elastic members 30 'additionally seal the air pas- 
sage 32 so as to isolate the passage f rom thie terminals 
and the exposed areas of the c^tls; 4^ \ 
[0028] When the battery pack 1 is set oh a ch v ^er 
(not shown) by sliding the pack 1 into the charger r the 
;;same mariner as described above regarding attachment 
of the pack to a power topi, the NiMH cells 4 begin to 
generate heat. As shown in Figure 6* airflow generated 
by the fan in the charger enters the passage 32 at the 
air inlet 27 jEirid! exits the passage at the outlets 31 . As 
ythe radiator plate 9, whjch Is in contact wrth\thb cells 4, ; 
/is located along the air- passage ^32^d thus in commu- 
iJhk^tiori wrth the outside of itid battery ^clcl vlh^arflpw 
Removes tt^ 

S^nite^etofeth . 
^.^deWh^rationl-of'-.the ceHs:4:::v^V\-:^:^K--v*-.-;- 



cross section for radiating heat generated by the NiMH 
cells 4. As shown in Figur s 3 and 4, when set betwe n 
the base plate 6 and the cover 7, the radiator plat 9 
covers the exposed side walls of the NiMH cells 4, thus 
completely sealing the cells 4 together with the base $ 
plate 6 and the cover 7, except for the portions 6 of the 
cells w Ided to charging and discharging terminals 12. 
The terminals 12 are in contact with the electrodes of 
the terminals cells 4. The inner surface of the radiator 
plate 9 is covered with a highly heat conductive insulator 10 
which is in contact with the NiMH cells 4. The outer sur- 
face of the two parallel end walls of the radiator plate 9 
are provided with a plurality of longitudinal parallel ribs 
10. 

[0024] Referring to Figures 2 to 4, a plurality of parallel 
guide plates 11 are erected on the upper surface of the 
cover 7. Disposed between the guide plates 11 are the 
charging terminals 12 and miscellaneous terminals 15 
including temperature detection terminal connected to 
a temperature sensor 1 3 which is attached to one of the 
cells 4 and data transmission terminals connected to a 
controller 14 provided on the coupling portions 8a. 
[0025] Referring to Figures 2 and 3, the inner case 2 
further includes an upper portion 16 which is formed be- 
tween the charging terminals 12 in proxirriity to the guide ; 
plates 1 1 . The upper portion 1 6 covers the upper surface . y ; ' ; 
of the cover 7 and extends downward to a side wall 7a i 
located on the opposite side of the (coupling portion & ot 
the case 2. Two partitions 17 are erected on the side 
edges of the upper portion 16, extending from the ye r- 
tical wail of the upper portion 16 to the side wall 7a. The ; V 
partitions 17 and the upper portion 16 define a groove 
18 which is connected with a recess 19 provided verti- y 
cally in the side wall 7a. .... 

[0026] Referring to Figures 1 arid 2, the outer case 3 § 
includes a box-shaped main casing 20 which nearly 
completely encases the inner case 2 and a lid 21 which ' 
is welded to the upper opening of the main casing . : 20. i^fj^ll 

The upper surface of the lid 21 includes a ccwinector22 1^ ^^'^fS^p 
which covers and abuts the ; upper surfaces of th^ guide ir^n^i^V^^ 
plates , 11: of the inner; case: ; 2; and; includes 
aligned with the ferriiinaj^: jpirw 
■ plates 11: As aiso shown in:R^ 5 r a pair 
;24 extends from the tv/p piuter slpts 23 so as 
I generally T-shaped cross Action as slidwri in the 'cross 
section of Figure 5. When i the ^^brapkets 24 9re slid 
direction parallel tatfte.sta^^^ 
; provided in a housing pfr^ 
contact bet ween . the;t6TO^ 
the tool is established when ^ 
tached to the poweritrolJlvro 
: vided on the main casing 20;pf;thef outer; case 
•the brackets 24 and are outwardly biased 
springs (not shown). Each pf the /tock 
cl udes on the u pper su rf ace irierepf a stppper 26 
a triangular cross section. VVheri.the ^ connector 22 is slid 
into the holder portion 
travel over and engage 





■ '* - : yy : ^MM£M~- - ■ yy' : r'y : ^ZW^f^f** r 



7 



EP 0 994 523 A1 



e 



matter into the inner case 2. 

[0031] Furth rmore.th elastic members 30 disposed 
between the inner case 2 and the outer case 3 securely 
support the inner case 2 so as to cushion external im- 
pact and vibration without rattling. This feature makes 
the structure a suitable container of a power source for 
electric power tools which are subjected to severe im- 
pact or vibration. In particular, neither the lead plates 5 
nor the charging and discharging terminals 12 are dis- 
lodged from their spot welding in this durable structure 
under normal operating conditions. In addition, the elas- 
tic members 30 advantageously seal the air passage 32. 

Second Embodiment 

[0032] In the structure of the first embodiment, if a 
large number of NiMH cells are contained in the inner 
case, some of the cells may not be disposed in contact 
with the radiator plate, thus failing to prevent heat build- 
up and thus deterioration of those cells. An alternate 
structure suitable for containing a large number of cells 
is described hereinafter with reference to Figures 7 and 
8, in which identical or similar reference numerals or 
characters denote identical or similar parts or elements 
throughout the several views. Therefore, description of 
such elements is omitted in order to avoid redundancy. 
[0033] Figure 7 is an exploded view of a battery pack 
101 which includes an inner case 102 containing twenty- 
four NiMH cells 4, which are divided into two twelve-cell 
blocks 133. The battery pack 101 further includes two 
radiator plates 134 with ribs 135 which surround each 
block 133 of cells 4 so as to define between the blocks 
1 33 a second air passage 1 36 connected to an air pas- 
sage 132. The second air passage 136 is in communi- 
cation with the outside of the battery pack 101 via an air 
outlet 1 37 (the cross section of this opening is limited to 
that of either air outlet 1 30 due to the controller 1 4). Ad- 
ditionally, upper and lower guide rails 138 are provided 
on the base plate 106 and the cover 107 for each radi- 
ator plate 1 34. The guide rails 138 support the radiator 
plates 134 between the base plate 106 and the cover 
1 07 and seals the inner case 1 025 

1 [0034] ; As in the first embodiment, the second embod- 
iment prevents temperature buildup in the cells 4 and 
provides shock absorption and protection from dust. Ac- 
cording to the second embodiment in particular, the sec- : 
ond air passage 1 36 formed between the two blocks 1 33 
of the cells 4 perrriits air to flow therethrough: from the 

•cooling fan of the charger or the electric power tool and 
to exit at the outlet 137; "thus augrnehtirig thiEi doolihg 
effect. In the structure of the second embodiment, every 
cell 4 is in contact with one of the radiator plates 134 
such that the cells are evenly cooled, thus minimizing , 
deterioration of the cells 4 due t6 heat buildup] despite 
the large number of cells contained in the battery pack 
101. ' : ■ 

[0035] Those with ordinary skill in the art to which the 
present invention pertains will appreciate that battery 



packs may be divided into more than two blocks by pro- 
viding two or more second air passages. Likewise, the 
configuration of the second air passage 136 is not lim- 
ited to the one described in the secpnd embodiment; the 
s air passage may be formed in the shape of a cross, or 
in a grid or other any suitable pattern. 
[0036] In the foregoing embodiments, each of th air 
passages 32 and 132 is defined between the flat inner 
surfaces of the outer case 3 (103) and the groove 18 

10 (1 1 8), the recess 19(119), and the radiator plate 9 (th 
radiator plates 134) of the inner case 2 (102). It should 
be noted that the same effect can be obtained by pro- 
viding similar continuous structures on the inner surfac- 
es of the outer case and making the inner surfaces of 

15 the inner case flat. Furthermore, if the controller 14 is 
not provided, the coupling portions 8 (108) may be nar- 
rowed such that the radiator plate 9 (the radiator plates 
134) may surround the substantially entire circumfer- 
ence^) of the cell block(s). Additionally, the radiator 

20 plate 9 (the radiator plates 1 34) may be made higher so 
as to increase the area in contact with the cells 4. The 
ribs 1 0 (35) may be provided on the outer surface of the 
radiator plate 9 (the radiator plates 1 34) below the side 
wall 7a of the inner case 2 (102). According to either of 

25 the above embodiments, an insulating material is pro- 
vided on the inner surface of the inner case; however, 
such a material may be provided on the cells 4 instead. 
[0037] Moreover, if sealing of the air passage(s) is not 
required, the elastic members 30 (130) may be placed 

30 only on the eight corners between the inner and outer 
cases. Alternatively, such elastic members may b pro- 
vided in the form of sheets that are disposed between 
the inner and outer cases, except where the air passage 
(s) is located. 

35 [0038] As described above, both battery packs 1 and 
101 are set in place in a charger and an electric power 
tool by sliding the connector 22 (122) into the battery 
pack holding portions of the charger arid the tool. Alter- 
nately, the battery packs may be provided with a cy- 
46: .X liridrical portion that is inserted intd the battery holder of 
the charger arid the tobl lr> this case, depending on the 
^structure used for attaching the battery packs to tools 
V S^nd chargers-' the design aridfortfiejk^ 

inlets arid outlets may be changed^ Fbr example, the air 
inlet ; 27-may be provided oh a skde-su 
case 3, whereas the air outlets;^ 
r ; In ad- 

. : cffl^ be divid^ iHtb % plyralrty of 

■. small openings or ..sifts,;. ^ h 

WvvfC^ needs to Havb i 

^double cas ing struct ure wh i6h includes iririef arid oute r 
■leases as de^ 

; ond air passages covered With radi^oririle^ris are pro- v 
r S vided in 3 seal^ c»nd 

55 radiator means is in - contact with the cells/ radiatfon of 
heat from the cells and protection of the e lis against; 
^ dust and rtidistiira can be^ 

and second air passages may : b formed ^through the : 



9 



EP 0 994 523 A1 



10 



are oriented generally parallel to th direction of air- 
flow through the air first passage. 

4. A battery pack in accordance with ither claim 2, 
s wherein the radiator means includes a plurality of 
ribs which are oriented generally parallel to the di- 
rection of airflow through at least in one of th first 
and second air passages. 

io 5. a battery pack in accordance with any one of claims 
1 to 4 further comprising a second case smaller than 
the first case, the second case containing the cells 
and being placed within the first case, wherein the 
first air passage is formed between the first and sec- 

is end cases, and further comprising elastic material 
interposed between the first and second cases. 

6. A battery pack in accordance with claim 5 further 
comprising an air inlet provided in the first case and 
so connected with the first air passage, wherein the 
first air passage is defined by inner surfaces of the 
first case and continuous recesses provided in out- 
er surfaces of the second case. 

25 7. a battery pack in accordance with claim 6, wherein 
each of the first and second cases has a generally 
box-like shape, and further wherein the first air pas- 
sage starts at the inlet provided in an upper surface 
of the first case, proceeds along a first inner side 

30 surface of the first case, forks into two branches 
along two opposite second and third inner side sur- 
faces of the first case connected to the first inner 
side surface, and terminates at first and second air 
outlets provided in a fourth inner side surface of the 

35 first case. 

8. A battery pack in accordance with claim 7, wherein 
the second case includes first to fourth outer side 
surfaces corresponding to the first to fourth inner 

40 side surfaces of the first case, respectively, wherein 
the radiator means is a radiator plate having a gen- 
erally U-shaped cross section which continuously 
surrounds the first, secondhand third outer surfaces 
of the second case, and further wherein the ribs are 

<5 formed on outer surfaces of the radiator plate in the 
first air passage. 



case. 

Effects of the Invention 

[0040] The structures according to the present inven- 
tion themselves (i.e., not in cooperation with any other 
structure, such as a charger) easily achiev s prevention 
of heat buildup in the cell in the battery pack and pre- 
vention of entry of foreign matter into the inner case, 
thus prolonging the service life of the cells and prevent- 
ing leakage of the electrolytic solution and short- 
circuiting due to rusting. 

[0041] The double casing structure according to the 
present invention, in which an inner case is placed in an 
outer case with air passages and elastic members pro- 
vided between the two cases, lessens transmission of 
impact and vibration to the cells, thus enhancing the du- 
rability of the battery pack. 

Equivalents 

[0042] It will thus be seen that the present invention 
efficiently attains the objects set forth above, among 
those made apparent from the preceding description. As 
other elements may be modified, altered, and changed 
without departing from the scope or spirit of the essential 
characteristics of the present invention, it is to be under- 
stood that the above embodiments are only an illustra- 
tion and not restrictive in any sense. The scope or spirit 
of the present invention is limited only by the terms of 
the appended claims. 



Claims 

1 . A battery pack comprising: 

a first case containing a plurality of cells; 
radiator means disposed in contact with the 
cells within the first case, the radiator means 
having at least one surface for radiating heat 
conducted from the cells; 
a first air passage defined at least partially by 
said at least one surface of the radiator means, 
the first air passage being separated from the 
cells; and 

at least one air outlet formed in the first case 
and connected with the first air passage. 

2. A battery pack in accordance with claim 1 , wherein 
the cells are divided into a plurality of blocks and 
further comprising at least one second passage 
provided between the blocks, the at least one sec- 
ond air passage being in communication with the 
first air passage. 

3. A battery pack in accordance with claim 1 , wherein 
the radiator means includes a plurality of ribs which 



9. A battery pack in accordance with claim 8, wherein 
the elastic material is disposed along upper and 

so lower edges of the first case such that the first air 
passage is hermetically isolated from the cells. 

10. A battery pack in accordance with claim 7, wherein 
the cells are divided into two blocks and the radiator 

55 means includes first and second radiator plat s ar- 
ranged in parallel, each radiator plate having a gen- 
erally U-shaped cross section and surrounding one 
of the cell blocks, and further wherein the second 
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air passage is defined between th radiator plates. 

1 1 . A battery pack in accordance with claim 1 0, wherein 
the ribs are provided on outer surfaces of the first 
and second radiator plates in the second air pas- 
sage. 

12. A battery pack in accordance with claim 10 further 
comprising a third air outlet provided in the fourth 
inner side surface of the first case between the first 
and second outlets, wherein a first end of the sec- 
ond air passage is connected to the first air passage 
and a second end thereof is connected to the third 
air outlet. 

1 3. A battery pack in accordance with claim 1 0, wherein 
the second air passage is hermetically isolated from 
the cell blocks. 

14. A method of preventing heat buildup in the cells of 20 
a battery pack in a casing comprising passing air 
into the casing, past a radiator means in contact 
with the cells, and thereafter out of the casing. 
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Fig 1 
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Fig 4 
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Fig 8 
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